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FASTRAC 60K ENG NE PRQJECT PLAN

1.0 SCOPE

1.1 | dentification. The Fastrac 60K Engine is
devel oped under the auspices of the Fastrac 60K Engine
Project (FEP). This engine wll provide the primary

propul si on system for t he initial flights X- 34
Experi nmental Vehicle.

This Fastrac 60K Engine Project Plan provides information
for the organizational structure, responsibilities,
procedures, process, and resources for inplenenting the
Fastrac 60K Engi ne devel opnent. This plan determ nes the
design process required to neet technical requirenents
and the needs of our customers. Qur custoners are the X-
34 Program and the Advanced Space Transportation Program
O fice.

The Project Mnager is responsible for maintenance of
this plan. Any proposed revision to this mnual is
submtted to the Project Manager for authorization and
subsequent incorporation after approval per TBD.

Ot her elenments of ASTP related to the Fastrac 60K Engi ne
are the Lox/RP Propulsion Test Article (PTAl) and
associ ated avionics and a Horizontal Test Facility (HTF).
PTA1 is a stand alone test article design to provide
system level testing of |ow cost propulsion system
conponents including the Fastrac 60K Engine. These
include feed and pressurization systens, tanks, and
avionics. The HTF is an engine test stand configured to
simulate the X-34 application. Additional testing is
pl anned at the Santa Susanna Test Facility, California
utilizing the Alfa 1 test position.

1.2 Background. The NASA Office of Aerospace
Technol ogy (OAT) supports space research and devel opnent
t hrough sponsorship of technol ogy progranms conducted at
the NASA Field Centers, in United States industry, and in
American universities. The Marshall Space Flight Center
Space Transportation Directorate (STD) supports OASTT by
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executing the NASA Lead Center roles assigned to MSFC for
X-33, X-34, and the Advanced Space Transportation Program
(ASTP) .

Gui dance and policy for FEP are derived fromthe National
Space Transportation Policy (NSTC-4, 8/ 5/94), t he
Nati onal Space Policy (9/19/96), the NASA's Strategic
Pl an 1997 Final Draft (6/17/97), and the NPG 7120. 5A.

FEP is chartered to enable liquid propul sion technol ogi es

which will significantly reduce the cost of access to
space. Presently, high launch costs remain the central
barrier to exploration of near earth space. The space
| aunch community has approached an asynptotical limt to
| ow cost space access. Until this limt is broken, the
possibilities of space developnment wll continue to be
bounded. For exanmple, launch cost are often several

times the cost of small research and scientific payl oads;
with constant funding |evels, decreasing the cost of
| aunch systens will allow funds to be directed toward
nore advanced research and devel opnent applications.

The Fastrac 60K Engine is part of the overall cost
reduction effort. The engine wll be gover nnment
furni shed equipnent (GFE) to the X-34 Project where the
technology can be denponstrated in a test flight

envi ronnent .

1.3 Sunmary. The FEP will develop the Fastrac
60K Engine system verify that it neets all engine

requi rements including those of the X-34 Project and
certify the engine for flight on an experinmental vehicle.
LCT will assist the X-34 Project in integration of the
Fastrac 60K Engine into the X-34 Vehicle.

The FEP is chartered to denponstrate the wuse of cost
reduci ng design and operation techniques such as sinple
engi ne system design, reduced part count, use of
comrer ci al of f the shelf (Cars) conponents, and
adaptation of commercial mnufacturing techniques and
standards to the aerospace engine application. The
Fastrac 60K Engine will denonstrate the use of |ow cost
technologies to the greatest extent possible wthout
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adding undue risk to the X-34 Project. O her propulsion
conponents will be tested in PTAL.

Ot her objectives of the FEP will be pursued concurrent
with the devel opment of the Fastrac 60K Engi ne. These
i ncl ude devel opi ng a fast-track approach for
denonstrating technol ogy using product devel opnment teans,
and rapid transfer of technology to industry for
commrer ci al product i nprovenent and inplenentation.

The FEP is to coordinate technology developnment wth
ot her NASA projects. Pursuant to this the FEP is team ng
with the X-34 Project to provide the main engine to the
X-34 Project. The FEP will explore the use of |ow cost
technol ogies in other application such as |arge boosters
and upper stages.

2.0 APPLI CABLE DOCUMENTS

MSFC- MOM Mar shal | Qual ity Manual
NPG 7120. 5A NASA Program and Project Managenent Processes
&

Requi rement s

3.0 LIST OF ACRONYMS/ ABBREVI ATI ONS

ART Advanced Reusabl e Technol ogi es
ASTP Advanced Space Transportation Program
CDT Component Devel opnent Teans

CE Chi ef Engi neer

CM Confi gurati on Managenent

CDR Critical Design Review

CWC Col | aborative Work Comm t ment
COTS Commercial Of The Shelf

DB Desi gn Bi nder

ECR Engi neeri ng Change Request

FEP Fastrac 60K Engi ne Project

FVEA Fail ure Mode and Effects Anal ysis
FRR Fl i ght Readi ness Revi ew

GFE Gover nnment Furni shed Equi prment

GG Gas Cener at or

HTF Hori zontal Test Facility

LCT Low Cost Technol ogi es

LVA Li nes, Valves and Actuators
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MM Mar shal | Managenment |nstructions
MPS Mai n Propul si on Systens
NM NASA Managenent |nstructions
NPG NASA Procedures and Gui delines
NSTC Nati onal Space Transportation Policy
OASTT O fice of Aeronauti cs and Space
Transportation Technol ogy
O&M Operation & Mai ntenance
PDR Prelim nary Design Review
PDT Product Devel opnment Teans
PRR Prelim nary Requirenments Review
PTA1 Propul sion Test Article
QVS Qual ity Managenent System
RI D Revi ew | tem Di screpanci es
RPTMB Rocket Propul sion Test Managenment Board
SIT System I ntegration Team
SSC Stenni s Space Center
STP Space Transportation Prograns
STR Space Transportati on Research
STT | n- Space Transfer
TCA Thrust Chanber Assenbly
TRR Test Readi ness Revi ew
VWAV Wrld Wde Web
4.0 OBJECTI VES

Reduce space transportation cost and inprove
reliability by sponsoring research and technol ogy
denonstration of a |low cost engi ne system
Encourage commerci alization and use of the Fastrac
60K Engine by denonstrating system viability in
flight tests on the X-34 Experinental Vehicle.
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5.0 MANAGEMENT
5.1 Organi zation and Responsibilities. The
Fastrac 60K Engine developrment wll be inplemented by
Pr oduct Devel opment Teans (PDT), and Conponent
Devel opment Teans (CDT). All teams wll be cross
functional and conprised of all disciplines needed to
desi gn, analyze, fabricate, and test all hardware. The
teans will be staffed from NASA personnel as required to
respond to project requirenents. Contracted support may
be used with the perm ssion of the Project Mnager. The
teans are enpowered to develop the test articles within
the guidelines established in this project plan. The

organi zational structure is shown below in Figure 1.

Organization
STD
A
X-34 Organization
Level Il
ASTPProgram | — - — — — — — — — — — — _ — — — >3 | Future X Program
Customer Input X-34 Project
' Orbital
Fadtrac Project A
Fastrac 60K Engine

Team Leve Il

Project Manager *
Chief Engineer T | Task Agreement Manager
X-34 Integration - Orbital Sciences Rep Level IV
Vehidle Leve V
PDT Tem ( Fetw6K N\ _ > X-34 Integration
N\ — Integration Task Agreement
Structures @
Team
Team

Figure 1. Fastrac Engi ne Organi zati on.
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5.1.1 Program Managenent (Level ). Over all

Program managenent i's pr ovi ded by t he Space

Transportation Directorate. A Level 11 Control Board is

in place to provide program oversight and resolve issues
bet ween ASTP and the X-34 Project. This board is chaired
by the STD Director and includes as a mninmmthe Future
X Program Manager, The ASTP Program Mnager, and a
customer representative from Orbital

5.1.2 Project Managenent (Level I, The
Proj ect Manager is assigned by MSFC s ASTP office and
reports to the ASTP Program Manager (Level 2). The
Proj ect Manager is responsible for devel oping an approach
to neet the objectives established by the ASTP Program
Manager; developing |ower |evel project constraints such
as budget, resources, and schedule; and inplenentation
pl anning that coordinates NASA and contractor assets.
The products of the Project nanager are:

1. Project Plan

2. Integrated Project Schedul e

3. Col | aborative Wor k Comm t nent s (CWC) Request i ng
Organi zation I nputs

The Project Plan shall be witten per NPG 7120. 5A.

The Integrated Project Schedule shall be devel oped using
M crosoft Project and will contain all tasks identified
by the PDTs and project nmanagenent. The tasks shall be
logically linked with the critical path identified.

The Project Manager shall report progress to Program
Managenment nonthly or as required by Project events.

The Project Manager is assisted by a Deputy Project
Manager . The Deputy Project Manager will be the primary
interface between the FEP and the X-34 Project. The
Deputy Project Manager will also provide COTR support and
documentation for contracts that support the Project.
Other duties of the Deputy Project Manager include
assuring resolution of technical and programmatic issues
and reporting to the Project Manager.
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5.1.3 Engi neeri ng Managenent (Level 1V). The Lead

System Engi neer and Assistant Engineer are assigned by
ASTP and functionally report to the Project Manager. The
CE' s are responsible to the project for ensuring that all
aspects of the project engineering activities, including
i n-house and contractor responsibilities, are
acconmplished within the technical requirenments and cost
and schedule constraints. The Fastrac 60K Engine CE's
provi de system engineering |eadership to PDT activities
and participate in the decision making process as
necessary to ensure technical adequacy of the project
t hroughout the design, developnent, and inplenmentation,
and preside over a Level 4 Board consisting of the Chief
Engi neers, and the PDT | eads. The CE's will work in
conjunction with the Project Manager to assure manpower
is adequately applied to the Project via the CW system

The products of the Chief Engineers are:

1. CWC Perform ng Organi zati on I nputs and coordi nation.

2. Level 4 directives releasing draw ngs, docunentation;
and change control docunentati on.

3.

4. Design review agendas, review team coordination, and
pre-board disposition.

The CE is supported by the System Integration Team which
is described in Section 8.1.

5.1. 4 Product Devel opnent Teans - Conmponent
Devel opnent Teans (Level V). The Product Devel opnent Team
(PDT) approach will expedite devel opnent of technol ogy by
al l owi ng design decisions to be nade by a small group of
engi neers who are cognizant of the product requirenents,
desi gn, schedule, and budget. The Conponent Devel opment
Teanms (CDTs) and PDTs are responsible for all aspects of
pr oduct devel opnent i ncl udi ng desi gn, anal ysi s,
fabrication, test, quality, safety, and test flight
assurance. Each PDT and CDT is responsible for assuring
that their product neets the design requirenents and wl |l
interface with the other products devel oped during the
pr oj ect. To perform this function, the teanms wll be

CHECK THE MASTER LI ST-VERI FY THAT THI S I S THE CORRECT VERSI ON BEFORE USE




Mar shal | Space Flight Center Organizational Wrk Instruction

RAO1
Title: MBFC- PLAN- 2999 Revi si on: Baseline
Fastrac Engi ne Project Plan Dat e: Decenber 13, 1999 Page 15 of 55

cross-functional with all engineering, safety, quality,

and test (Stennis Space Center — SSC) disciplines
represented as required. The CDTs and PDTs are chartered
by the Fastrac Project Ofice and wll, as a mninmm

contain nmenbership from the disciplines shown in Section
8.1.1 of this docunent. The CDTs and PDTs are enmpowered
to develop the products wthin the mninum project
requi renents and gui delines specified in this docunent.

The CDTs and PDTs respond to project requirenents,
determne what tasks are to be acconplished, and
determ ne the schedule for conpletion of these tasks per
gui delines set by the Fastrac 60K Engi ne Project Mnager.
The PDTs will nmeet as a team and determ ne the best way
to meet program requirenments including performnce, cost,
and schedule. The PDTs are responsible for docunenting
their design in an electronic Design Binder per the
outline shown in this docunent. CDTs will be responsible
for devel opi ng conponent specifications to fully docunent
t he design requirenments of each conponent.

The Fastrac PDTs and CDTs wll be staffed via the
“product oriented” organizations at MSFC and SSC. O her
than the personnel assigned to the ASTP Ofice, all

menbers to the Fastrac Team will continue to report to
the Iline organization for direction. Revi ew Board
menbers will be assigned by MSFC managenment and wll

consi st of technical personnel at the managenent |evel.
The PDT Leads are responsible for coordinating team

activities, det er m ni ng product requirenents,
establishing what tasks are to be done and the schedul e,
determining the verification of requirenents, and

identifying any issues wthin or across the PDT s,
inform ng the Chief Engineer of the issues, and resolving
the issues. The PDT Leads are also responsible for
assuring the design schedule is being nmet and the Chief
Engi neer and Project Manager are aware of progress and
slips.

Products of the PDTs and CDTs are:

1. The assigned product verification and acceptance
docunent ati on

2. Inputs and regul ar update to the Project Schedul e

3. Detail ed Design Binder docunentation

4. Weekly status updates
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5.1.5 X-34 Integration Team (Level V). The LCT

PDTs and CDTs work jointly with the X-34 Integration Team
to provide interface definition and engine operation
interface to the X-34 vehicle devel opers.

5.2 Speci al Boards and Commttees. The Project
Manager shall schedul e i ndependent reviews with technical
experts not associated with the developnment activity.
These reviews will coincide with the design reviews.

5.3 Managenment Support Systens. A schedul e
devel opnent expert assists the Project nmanager. Thi s
support wll coordinate developnent of an integrated
project schedule with input from the PDT/CDT |eads and
the CE. The Project Manager will use MSFC s MARTS
systemto track project funding obligation and costs, and
wor k force expenditures.

6.0 RELATI ONSHI P TO OTHER PROGRAMS

A primary mssion of FEP is to coordinate technol ogy
devel opment with other NASA Projects. Pursuant to this,
the FEP is teaming wth the X-34 Project of the
Pat hfi nder Program to provide the engine to the X-34
Vehi cl e. The FEP will develop a |low cost engine system
and verify that it meets the requirenents of the X-34
Project and is certified for flight on a test vehicle.
The FEP will assist in integration of the Fastrac 60K
Engine into the X-34 Vehicle.
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7.0 TECHNI CAL SUMVARY

7.1 Project - Level Requirenents. Detail ed Level
Il requirenents shall be developed and managed in a
PTA1l/ 60K Fastrac Engi ne
Requi rement s/ Verification/ Conpliance Database by the SIT.
Requi rement flow down is illustrated in Figure 2 bel ow

Fastrac Engine Design Requirements Tree

i Leve I
X34 Vehicle/ PTA SRD
Engine ICD
> SLED B
HTFFRD . n PTA/Facility IRD . |
: ’ HTF/Engine ICD ¢ ’ PTA/Engine DD ¢ |
Engine
Specification
Engine Component Avionics MGSE PTA MPS
Specifications Specifications Specifications Specifications

Figure 2. Requirenents Flow Down.
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7.1.1 Fastrac 60K Engi ne Requirenents.

1) Provi de an experinental test flight engine to X-
34 Project per nenorandum of agreenent for delivery of
the Fastrac Engine and the X-34 Vehicle/Fastrac 60K
Engi ne Interface Control Docunent.

2) Devel op a low cost engine based on the design
poi nt shown in Figure 3 bel ow.

Fastrac 60K Engine Design Point

Engine Configuration: Gas Generator Fastrac Derivative
Recurring Cost Goal: $1,000.000
Weight Goal: 1870 Ibs (@ 30:1 arearatio)
Thrust (vac): 60,0001bf vac.
Vehicle Orientation at engine start:  Vertical @ sealevel and Horizontal @ 38,000 ft
Propellants:
Fuel: RP-1
Oxidizer: LOX
Burn Time for Flight: Approx. 155 seconds
Gimbaling Yes- 10 degrees @ 5 degrees/sec
Reusability: 7 uses minimum (excluding ablative chamber/nozzle and start cartridge)

Engine Guidelines

- Integrate low-cost manufacturing designs

- Integrate COTS hardware where possible to reduce costs
- Include high performance margin/ simple robust design
- Use common component designs to reduce costs

- Use non-traditional suppliers to reduce costs

- Design for minimal operations

- Usemost severeof X-34 or PTA1 environments

EngineDdlivery

to SSC
Turbopump Tests PTAL Deliver X-34
Pll?R FDIR CpR | Hml Fire Engine X-34 IF|ighl
]
I I T 1 1 T I
6/26/96 8/20/9 314197 298 719 400 800
8%

Figure 3. Fastrac 60K Engi ne Desi gn Point.

7.1.2 PTA1 Requirenents.

1) Provide a LOX/RP propulsion test article (PTAl)
that incorporates |ow cost technol ogies and denonstrated
their operation in ground tests.

2) Provide nmeasurenents necessary for estimation of
Fastrac 60K Engi ne specific inmpulse.

3) Provide avionics for commnd, checkout, control
and data acquisition of the PTAL and Fastrac 60K Engi ne.
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The PTAl design point, shown below in Figure 4, applies to
mechani cal and electrical conponents included in the test
article.

PTA1 Design Paint

Useable Propellant Load: 44,000 Ibm (max)
Orientation: Vertical
Propellants:
Fuel: RP-1
Oxidizer: LOX
Thrust Level for MPTAL: 60,0001 bf
Capable of “growingto” : 80,0001 bf
Support Burn Time of: Approx. 150 seconds
Engine Mixture Ratio: 218
GG Mixture Rétio: 0.3
Reusability: Capable of Multiple Tests
MPS Guidelines
- Allow for integration of low-cost manufacturing designs
- Allow for integration of COTS hardware where possible to reduce costs
- Simple robust design

- Allow for integration of common component designs to reduce costs
- Design for minimal operations

PTAL PTAL

PRR PDR CDR Cold-Fl inedMPS
i ] P offFlow_Eng
| | | I I
6/26/9 8/20/9 12/16/% 699 7199

Figure 4. PTAl Design Point.

7.1.3 Ri sk Mtigation Requirenents.

1) Provi de additional har dwar e, anal ysi s, and
capability to mnim ze the follow ng risks:

a) Provide a m nimum of two i ndependent engi ne test
facility to mtigate |loss of test capability. Det ai | ed
requirenments for each facility shall be devel oped by the
SIT and approved by the Project Mnager.

b) Provide a test facility tot sinulate horizontal
pre-flight orientation and flight operations to mtigate
system failure during X-34 operations.

c) Provide appropriate test and flight spare
hardware to m nimze inpact of |oss of test hardware.

d) Provide appropriate analysis and tests to
mtigate risk of design error.

e) Provide engineering to support configuration
managenent planning to mtigate risk of configuration
control error.
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7.2 Systen(s). The Fastrac 60K Engine system
is to be developed using technologies from previous
technol ogy projects - the Fastrac | and Il TCA Projects
and the Sinplex Turbopunp Project. The engine wll use

an abl ative chanmber/nozzle and a sinple gas generator
cycle that is open-loop controlled and calibrated via
orifice sizing. The engine will not include an on-board
controller. Cont r ol is supplied by an off nounted
avionics system (supplied by PTA1 for engine system | evel
tests and by the X-34 vehicle for integrated ground tests
and flight tests). Engi ne conponents will be tested in
conponent test stands at MSFC, system |level testing wl
occur at the Stennis Space Center (SSC) or alternate test
facilities as determ ned by the Rocket Propulsion Test
Managenent Board (RPTMB). Integrated propul sion system
ground testing in the X-34 vehicle will be performed by
the X-34 Project in a static ground test article. An
engine with a 30:1 expansion ratio nozzle wll be
supplied for this test. A Fastrac Engine fitted with a
30:1 nozzle will be supplied for use in the X-34 flight
test. Additional start cartridges will also be supplied
to support the flight tests.

7.3 System Oper ati ons Concept. Engi ne
Operations & Maintenance (O&M Manual s and Engi ne Hot
Fire Specification are devel oped by the Engi ne PDT detail
the procedures necessary to prepare the engine for use

and to operate the engine. The engine will be installed
into the test facility and tested by test facility
personnel. The engine will be renoved and refurbished by
test facility personnel. The refurbishment includes

renmoval and replacenent of the ablative chanber/nozzle,
removal and replacement of two start devices, and check

out of the refurbished engine. Renmoval and repl acenent
procedures will be done in accordance wth the O&M
manual s. The FEP will ship an engine, spare nozzle, and

start devices to X-34 Project as required to support the
X-34 mlestones (per MOA Fastrac 60K to X-34 dated
8/ 22/ 96) .

7.4 System Constraints. Not Applicable
7.5 Ground Systens and Support. Ground
support equi pnent requirenents wll be developed and
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hardware designed and fabricated by the GSE CDT to

support all engine operations and electrical checkout.
This includes transportation and handling of all engine
and PTA conponents and assenblies. The GSE nust be

avai l abl e for engine assenbly at SUMMA, conponent testing
at MSFC, system level testing operations at SSC and

alternate test sites,. The X-34 Project wll inpose
additional GSE requirenents via a separate X-34 task
agreenent to support X-34 operations. This team wll

strive to provide commonality with all GSE designs.

7.6 Facilities. Conmponent testing wll be
performed at MSFC' s test stand 116. System |level testing
at an SSC approved Facility. PTAL will originally reside
in the B-2 test stand. An alternate position (E-2 Cell
2) will be provided when B-2 is no | onger available. HIF
will be located on the B2 test stand in the vicinity of
the PTAL and will be devel oped per MSFC- RQMI-2720. The
HTF may share ground systens with PTAL. An alternate
vertical position will be identified by SSC for testing
while HTF and PTA are not available or as required to
nmeet Project schedul es.

7.7 Logi stics A Logistic Plan wll be
devel oped by the Engine and PTA PDTs. This plan wll
enconpass all functions of logistics applicable to the
Fastrac 60K Engine project including: mai nt enance,

Operation & Maintenance docunentation, mat eri al and
supply support, packaging and transportation, training,

facilities, and base technical and institutional support.

It will define in general terms, the Project’s logistics
requirenments and will specify the Project and contractor

requi rements, responsibilities, and nethods for |ogistics
support. Flight engines wll be considered Program
Critical Hardware (PCH) after acceptance procedures and
wi || be handl ed according to TBD.

7.8 M ssion Results Analysis and Reporting.
Each PDT/CDT shall provide data reviews for all tests
shortly after a test series is conpleted. The records

and actions of each review shall be maintained by the
Engi ne System PDT | ead. The Engine PDT shall collect and
store engine test data collected from SSC during system
|l evel tests and provide a data review package after each

CHECK THE MASTER LI ST-VERI FY THAT THI S I S THE CORRECT VERSI ON BEFORE USE




Mar shal | Space Flight Center Organizational Wrk Instruction

RAO1
Title: MBFC- PLAN- 2999 Revi si on: Basel i ne
Fastrac Engi ne Project Plan Dat e: Decenber 13, 1999 Page 22 of 55

test series is conplete. Any data identified in the
PTA1l/ 60K Fastrac Engi ne
Requi rement s/ Veri ficati on/ Conpli ance Dat abase as required
verification data wll be supplied to the SIT. The
PDT/ CDTs wi || anal yze engine data collected during

flight.

Each PDT/CDT shall develop a <cost report for their
product which lists the follow ng cost paraneters:

First unit production cost

25'" unit production cost

The follow ng categories and goals will be addressed:
El ement 25'" Unit Learnin
Cost g Curve
Goal %
Nozzl e ( i ncl udi ng nozzle $ 75,000 95
bracket s)
Mai n | nj ector $ 48,500 90
Gas Gener at or $ 20,000 90
| gnition Systens $ 15,600 90
Engi ne Li nes (including $ 74,000 90
orifices)
Engi ne Val ves $ 95
178, 000
Tur bopunp Assenbly $ 95
360, 000
Brackets and M sc. Hardware $ 39,000 90
| nstrument ati on and Cabling $ 14,000 90
Engi ne Assenbly $ 36,000 95
Engi ne Acceptance Tests $ 70,000 95
Tot al
$930, 100
.00

The follow ng ground rul es apply:

25'"" production unit estimates based on the Crawford
| earning curve percentages shown above.

No anortization of developnent cost included in
recurring cost estimtes.

12 units produced per year

Use vendor quotes when possible, assune full cost
accounting rates for governnent production related
activities.
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8.0 TASK DESCRI PTI ONS
8.1 | pl ement ati on Approach. The FEP is an

experinmental project intent on understanding the use of
| ow cost hardware in a space transportation application.
History has shown how the lack of under st andi ng
constraints on design in an experinmental proj ect
sonetinmes neans failure in test—this is especially true
when alternate technol ogy approaches are being studied
Therefore, the project recognizes the possibilities for
success while acknow edging that failure my occur unti

the limt of low cost design is truly understood. To
m nimze project risk, alternate and |less risky designs
will also be developed in parallel to some | ow cost

experiments. (see section 15.0)

To minimze the inpact of failure, a phased approach will
be taken. First, conponent |evel tests are perforned to
build a technol ogy base and to develop mature conponent
desi gns. System | evel ground denonstrations and finally
flight denonstrations follow these tests. Figure 5
illustrates the phased approach and exit criteria for the
maj or engi ne conmponents and engi ne system
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Phased Development Approach and Exit Criteria
Concept Phase Compon't Dev Phase System Dev Phase | | Flight

. Phase
Simplex Fastrac 60K Turbopump Component Test
Turbopump pump p
*Near-scale Concept Val «Full-scale/Full Pressure | «Duration
«Established Development Component Val «Contengency

Teams and Tools «Performance/Integrity Tests LOX Tests
«Verified Analytical Codes Complete (GN2 only) > | .Hot Firew/GG DCR First DCR 7
«Full Power Tests (LN2) Flioht Flight Cap
TRR| TRR ) 4 v
Vy V
*Sub-scale Concept Validation — Englne &/stem Tests
Complete
«Established Developm o i . il i *Service Lif
TEe:mslTooIsDev eement :::,:!;gra/lg::::;] Fastrac 60K TCA oiuélggiit;n -Eg;?;;IEIL{/i’\:Ioarzgsm 7S§rsmcel_ ¢
ggjrr?f):l)gbﬁt::/n g:rrnonstrated Co.mpaiability‘Demo Component Tests :g:l;;fﬁ:: I\f r:rgi rI%ffects :ICr;tlr?erEﬁms
«Injector Integrity Established ! nject_or Integrity *Accep't Tests «X-34 Reqm’t Applications'
Established «Full-scale/Full Pressure «Alt Ops Requirements
-Duration Injector/Wall Compatability *POGO *Accep't
«TCA Ignition System Demo «Horizontal Tests
*Duration Demonstarted «Full Duration 2
*TCA Stability Demonstrated Engines
*Accep't Tests
Fastrac 60K GG A v
Component Test 1st Engine A v
System Hot A
-Fgll-scaIdFull Pressure Fire X-34
.In]ector_/\{\lall Compatability Ground 1st X-34 ‘
ey Tes | Flgt 7use
+GG Stability Demonstrated Capability
Figure 5. Phased Devel opnent Approach and Exit Criteria.
Fastrac devel opnent i's not funded for f or mal
qualification typical of traditional manned engi ne
progranms described in TBD. No test article(s) wll be
designated as a qualification wunit that is formally
qual i fi ed. A detailed Certification Plan wll be
devel oped by the Engine team based on the guidelines
shown in Figure 5. This plan wll determ ne what
verification data establishes that the engine is
certified for flight on the X-34 Vehicle and nust be
approved by t he Proj ect Manger . Certification
requirements will be muintained in a Certification
Dat abase which is naintained by the Engine team The
Certification Plan shall identify verification data and
docunmentation format for each PDT/CDT to conply wth.
Certification is not conplete until all open item are
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closed and the Design Certification Review (DCR) 1is
conpl et e.

All engine test articles will be configured as close to
the flight engine configuration as possible. Test data
collected on engines configured differently from the
flight configuration nmay be applied to certification if
anal ysis supports the applicability of +the data to
verification of a requirenent. The Fastrac engine
designated for X-34 flight wll be acceptance tested
prior to shipnment.

The FEP stresses that the imrediate application of these
| ow-cost technologies is limted to un-manned flight of
i nexpensi ve payl oads. Reliability will not be
denmonstrated due to limted test articles, tests and
flight experience.

To maxim ze testing, the design and fabrication processes
wll be stream ined to enphasize proof of concept testing
for both ground and flight conponent technol ogies. The
LCT project has been enpowered to neet the objectives of

the programin the “best possible way”. This has enabl ed
this pr oj ect to set new precedents i n desi gn,
manuf acturing, and testing. MM's (Marshall Managenment

| nstructions) and NM's (NASA Mnagenment |nstructions)
and subsequent publications are to be used as guidelines
as opposed to requirenents on the project. This does not
mean that the programis not responsible for assuring the

safety of the hardware, personnel, and facilities; it
does however, allow for the design process to be
streamlined while still mintaining the intelligence

conveyed through past experience.

8.1.1 Devel opment Teans.

The Fastrac 60K Engi ne and associated test articles shall
be devel oped under the organization requirenments shown in
section 5.0. The Developnent Teans described in the
following section are chartered to inplenment the design

anal ysi s, and testing of t he proj ect har dwar e.
Manufacturing will be procured primarily from outside
sour ces. | n-house fabrication my be used when
avail able. These teanms are to be staffed with governnent
enpl oyees where possible. Contracted personnel may be
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used with the perm ssion of the Project Mnager but the
Project is primarily an in-house effort.

8.1.1.1 System I ntegration Team The System
I ntegration Team (SIT) is responsible for:
1. Interface Cont r ol - i ncl udi ng definition

docunmenti ng, and verification.
2. Mass Properties
3. Configuration Control - The SIT assist the CE in the
configurati on managenent process. The main product of the
SIT is systenms process and analysis which l|eads to
verifiable hardware, built to program approved draw ngs.
The results of these activities will be docunmented in the
Design Binder. A detailed configuration managenent plan
shall be devel oped by the SIT per MPG 8040. 1.

4. System Requirenments - The SIT supports the CE in
devel oping system requirenents consistent with the
guidelines stated in this Project plan. The SIT wll

develop an electronic requirenments and verification
dat abase (PTA1/ 60K Fastrac Engi ne Requi renent s,
Verification, and Conpliance Database) for the system
| evel requirenments. The database shall show for each
requi r ement t he verification met hod and docunent
conpliance. The database shall be maintained by the SIT
and controlled by the Level Il Board. S&VA shal |
mai ntain the conpliance section of the database as a
Quality Record per MPG 1441. 1A and held for a period of
five years after the last X-34 powered flight. The SIT
shares the responsibility of the overall effectiveness of
Fastrac 60K Engi ne requirenments integration with the PDT
leads. In addition, the SIT will develop a process and a
dat abase for use by the design PDTs and CDTs in
establishing the tracability between the system |evel
requi renents and the conmponents specifications. The SIT
will maintain the database, but the design PDTs are
responsi ble for establishing the tracability between the
| ower | evel requirenments docunments and the systens |evel
docunments as well as popul ating the database.
5. Verification - per above

6. Instrunmentation and Electrical Power Roll-up

7. EM/EMC and Lightning Protection

8. Review Support - The SIT is responsible for
assisting the CE in managing design reviews (PRR, PDR,
CDR, TRR and DCR). Review Item Discrepancies (RIDs)
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generated in the review process shall be controlled by
the Engineering Directorateas a Quality Record per
MPG1441. 1A for a period of five years after the |ast X-34
powered flight.

8.1.1.2 Engi ne Product Devel opnent Team The
Engi ne PDT is responsible for devel oping the Fastrac
60K Engi ne per the guidelines stated in this Project
pl an, the X-34/Fastrac 60K Engine 1CD, and the
Systens Requirenments Docunent. This task includes
the system engineering, design, analysis, design
integration, and test integration of the engine.
This team will provide detailed test requests to the
test facility. In addition this team is responsible
for the safety and quality aspects of the engine.
The Engine PDT shall develop a Fastrac 60K Engine
Specification as requi rements for engi ne and
conponent devel opnent and provide a verification
report to docunment conpliance with requirenents. The
Engine teamis responsible for devel opi ng the engine
Certification Plan and organizing and presenting
conpliance data at the DCR. The Engine team is
responsi ble for developnent «certification, flight
acceptance, and delivery of one Fastrac 60K engine
to the X-34 Project. The results of these activities
will be docunented in the Design Binder. The team
menbership nust include as a mninmum the follow ng
di sci plines:

Team Lead

Engi ne Systens Speci ali st

Mechani cal Desi gn

Tur bomachi nery Representative

TCA Representative

GG Representative

Li nes, Valves & Actuators Representative
MSFC Saf ety

MSFC Qual ity Assurance Representative
Structures and Dynam cs Speci al i st

Mat erials and Processes Speci ali st
Systens Integration Representative

Avi oni cs PDT Representative

PTA System Test Facility PDT Representative
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| nstrunment ati on Speci al i st

The Engine PDT is supported by the follow ng four CDTs

8.1.1.3 Tur bonmachi nery Conponent Devel opnent
Team This team is chartered to develop |ow cost
solutions to turbomachinery requirenents stated in
this Project plan and in the Fastrac Engine
Specification. The Turbomachinery CDT w |l design,
fabricate, and test a |ow cost turbopunp to be
integrated and tested as part of the Fastrac 60K
Engi ne. This CDT shall develop a Fastrac 60K Engi ne
Tur bopunp Conponent Specification and provide a
verification report to docunment conpliance wth
requi renents. Key opportunities for cost reduction
are in innovative use of existing |low cost
manuf acturing, use of COTS materials, use of conmmon
manuf act uri ng techni ques.

As a mnimum the following disciplines wll be
menbers of the CDT:

Team Lead (Turbopunp Design Lead)
Desi gn and Anal ysi s Coordination
Mechani cal Desi gn

Stress Anal ysi s

Ther mal Anal ysi s

Comput ational Fluid Mechanics Special i st
Rot odynam cs Anal ysi s

Mat eri al Sel ection Speciali st
Manuf acturi ng Speci ali st
System Saf ety Speci al i st
Component Test Speciali st

8.1.1. 4 Thr ust Chanber Assenbly (TCA)
Conponent Devel opnment Team This team is chartered
to develop low cost solutions to chanber/nozzles,
injectors, and main chanber igniter requirenents
stated in this Project plan and in the Fastrac
Engi ne Specification. This CDT wll design and
fabricate |ow cost experinments to be integrated and
tested as part of the Fastrac 60K Engine. This CDT
shall develop a Fastrac 60K Engine TCA Conponent
Specification and provide a verification report to
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docunent conpl i ance Wit h requi rements. Key

opportunities for cost reduction are in innovative
use of existing |low cost manufacturing, use of COTS
materials, wuse of common manufacturing techniques.
As a mninmum the following disciplines wll be
menbers of the TCA CDT:

Team Lead

Nozzl e Design Lead

I nj ect or Design Lead

Mechani cal Design (Injector and Nozzl e)
Stress Anal yst

Thermal Anal yst

Comput ational Fluid Mechanics Special i st
Mat eri al Sel ecti on Speci ali st
Manuf act uri ng Speci al i st

System Saf ety Speci al i st

Component Test Speciali st

8.1.1.5 Gas CGener at or (GG Conponent
Devel opment Team This teamis chartered to devel op
| ow cost solutions to gas generators, and GG igniter
requirenents stated in this Project plan and in the
Fastrac 60K Engine Specification. This CDT wll
design and fabricate |low cost experinents to be
integrated and tested as part of the Fastrac 60K
Engi ne. This CDT shall develop a Fastrac 60K Engine
GG Conmponent Speci fication and provi de a
verification report to docunent conpliance wth

requi renents. Key opportunities for cost reduction
are in innovative use of existing low cost
manuf acturing, use of COTS materials, use of compDn
manuf acturing techni ques. As a mninum t he

following disciplines will be nenbers of the GG CDT:

Team Lead (GG Design Lead)

Mechani cal Desi gn

Stress Anal yst

Ther mal Anal yst

Comput ational Fluid Mechanics Special i st
Mat eri al Sel ection Speciali st

Manuf acturi ng Speci ali st

System Saf ety Speci al i st

Component Test Speciali st
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8.1.1.6 Li nes, Valves and Actuators Conponent
Devel opment Team (LVA CDT). This team is chartered

to develop low cost solutions to engine I|ines,
val ves, and actuator requirenents stated in this
Proj ect pl an and in t he Fastrac Engi ne

Speci fication. The LVA CDT will design and fabricate
| ow cost experinments to be integrated and tested as
part of the Fastrac 60K engine. This CDT shall
develop a Fastrac 60K Engine Valve and Lines
Speci fication(s) and provide a verification report
to docunent conpliance wth requirenents. Key
opportunities for cost reduction are in innovative
use of existing |low cost manufacturing, use of COTS
materials, use of common nanufacturing techniques.
As a mninmum the followng disciplines will be
menbers of the Lines, Valves and Actuators CDT:

Team Lead (LVA CDT Lead and Val ve Desi gn)
Li ne and Duct Design

Mechani cal Desi gn

Stress Anal ysis

Ther mal Anal ysi s

Mat eri al Sel ecti on Speci ali st

Manuf acturi ng Speci ali st

System Saf ety Speci al i st

Component Test Speciali st

Avi oni cs PDT Representative

8.1.1.7 PTA1 Systens. The PTAl1 Systens PDT
is responsible for developing the PTAL propul sion
conponents, the HIF, and any alternate facility,
t ankage and l'ine structure anal ysi s and
coordi nation, support structure review, coordinating
integration of avionics, and test integration wth
Stennis Space Center (SSC) and SSC contractors. This

team will provide any facility/PTA1 specific test
requests inputs to the engine PDT for inclusion into
the test request. In addition this team is
responsi ble for the safety and quality aspects of
the test article. This team includes nenbership as
br oken-down by conponent below and representatives
from SSC. The conponent teans, with the exception

of the support structures team are chartered to
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devel op |l ow cost solutions to the design of booster
propul sion and structures hardware. The results of
these activities will be docunented in the Design
Bi nder . It is to be noted, however, that the
requirenents of the program and other constraints
related to developing a test article nust take
precedence over actual flight design solutions. The
spirit of |ow cost approach should be adhered to and
sought, but the design nmust follow the letter of the
requirenments regarding the design of PTA test
article.

Team Lead

Engi ne PDT Representative

Test Article Integration and Test (Stennis Space
Cent er)

Ground Support Equi pnment PDT Representative
Avi oni cs PDT Representative

System I ntegration

Tankage Structures

MPS

| ndustrial Safety Speciali st

MSFC Qual ity Assurance Representative

8.1.1.8 Mai n Pr opul si on Syst ens Conponent
Devel opment Team (MPS CDT). This team is chartered to
develop low cost solutions to |launch vehicle propellant
del i very, pressuri zati on, fill, dr ai n, and vent
requi renents. The MPS CDT will design and fabricate |ow
cost experinments to be integrated and tested as part of
the PTAl test article. This team will also review the
test facility designs for all other facility solutions to
assure facility requirenments and engine interface
requirenments will be net. Key opportunities for cost

reduction are in innovative use of passive systens that
elimnate the need for sonme conponents, use of COTS
valves (or slightly nmodified COTS valves), use of COIS
tubing and duct materials and |ow cost nmanufacturing.
The team wll be responsible for meeti ngs t he
requirenents of the test facility and providing a safe
test article for the project. This team will wuse all
MSFC and support contractor personnel required to ensure
success. As a mnimum the follow ng disciplines will be
menmbers of the MPS CDT:

CHECK THE MASTER LI ST-VERI FY THAT THI S I S THE CORRECT VERSI ON BEFORE USE




Mar shal | Space Flight Center Organizational Wrk Instruction

RAO1
Title: MBFC- PLAN- 2999 Revi si on: Baseline
Fastrac Engi ne Project Plan Dat e: Decenber 13, 1999 Page 32 of 55

Team Lead

Propul si on System Anal yst

Mechani cal Design of Fluid Conponents
Stress Anal yst

Tank Desi gn

Ther mal Anal yst

Mat eri al Sel ection

Manuf acturi ng

8.1.1.9 Tankage Structures Conponent
Devel opment Team  This teamis chartered to devel op
low cost solutions to Ilaunch vehicle structural
requi renments. The tankage structures CDT will design
and fabricate |ow cost experinents to be integrated
and tested as part of the PTAl test article. Key
opportunities for cost reduction are in innovative
use of existing |low cost manufacturing, use of COTS
materials, wuse of common nmanufacturing techniques.

The team wll be responsible for neetings the
requirenments of the test facility and providing a
safe test article for the project. Reusability and
ground safety of this hardware may preclude use of
flight |ike structures. As a result |low cost
techniques will not be denonstrated at the exact

design point specified for flight structure. It is
hoped that extrapol ation of t he desi gn and
manuf acturing concepts will illustrate cost benefits
of the design approach. This teamwll use all MSFC
and support contractor personnel required to ensure
success. As a mnimum the follow ng disciplines
will be menbers of the Tankage Structures CDT

Team Lead

Structural Design

Stress Anal yst

Loads Anal yst

Thermal Anal yst

Materi al Sel ection Speci ali st
Manuf acturi ng Speci ali st

8.1.1.10 Support Structures Conmponent Devel opnent
Team This teamis chartered to design and fabricate the
support structure for the PTAL. This hardware will not
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be part of the low cost experiment but wll be mde to
accomopdate a w de variety of experinmental change-out.
This team will assure that the support structure for the
PTAl is adequately designed such that it will induce life
limting |loads to the PTAL. This teamw ||l use all MSFC
and support contractor personnel required to ensure
success. As a mnimum the follow ng disciplines will be

menbers of the Support Structures CDT:

Team Lead

Support Structure Structural Design
Structural Design

Manuf acturi ng

8.1.1.11 Hori zontal Test Facility Team This team
is chartered to develop a horizontal test facility per
requirements stated in this project plan and in the HTF
FRD.

8.1.1.12 Avi onics and Electrical Systens PDT.
The Avi oni cs and El ectrical Syst ens PDT IS
responsi ble for developing a low cost solution to
flight propul si on avi oni cs for t he PTAL.

Experi ments incl ude: propul sion controller, ground
check-out conputer, drive electronics (engine and
MPS val ves, and TVO), software and sensors.
Additionally, some cabling and harnesses wll be
desi gned and built to support ground testing (not a
| ow cost experinent). This CDT shall develop a

Fastrac 60K Engine Instrunentation and Harness
Conmponent Specification and provide a verification
report to docunment conpliance wth requirenents.
Key opportunities for cost reduction for hardware
are in the innovative use of existing |ow cost
manuf acturing, use of COIS materials, use of conmmon

manuf acturing techniques. Key opportunities for
cost reduction for flight software devel opnent are
nodul ar desi gn met hodol ogy whi ch provi des
mai nt ai nability, reusability, test benefits and a
reduced docunmentation set. The avionics PDT will
use all MSFC and support contractor personnel to
ensure success. As a mnimum the follow ng

disciplines will be menbers of the PDT:
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Team Lead

Control |l er Speciali st

Sensors Speci al i st

Drive electronics Specialist

Sof t war e Speci al i st

Har nesses/ El ect Integration Speciali st
EEE Parts Speci ali st

Engi ne PDT Representative

PTA Systens Representative

EM / EMC Speci al i st

Stress Anal yst

Dynam cs Anal yst

Ther mal Anal yst

Mat eri al Sel ecti on Speci ali st
Manuf act uri ng Speci al i st

S&NVA

Saf ety Speci al i st

MSFC Qual ity Assurance Representative

8.1.1.13 MGSE Component Devel opnent Team

This team is chartered to design and fabricate
the nmechanical ground support equipnment for the
PTAl1, the Fastrac 60K engine and any associated
conponents MGSE. The MGSE CDT shall develop a MGSE
and provide a verification report to docunent
conpliance wth requirements. The MSSE CDT wll
select certification requirenments per MSFC-P10. 1-
C02. This hardware will be designed to mnim ze the
cost of the hardware associated with the GSE. Key
opportunities for cost reduction are in innovative
use of existing |low cost manufacturing, use of COTS
items and use of common manufacturing techniques. As

a mnimm the following disciplines will be nenbers
of the CDT:
Team Lead

Mechani cal Design

Test Facility Integration (Stennis Space Center
Per sonnel)

Engi ne Systens PDT Representative

PTA Systens PDT Representative

8.1.2 Docunent ati on. The FEP intends to contain
the docunmentation of the Fastrac 60K Engi ne hardware,
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analysis, and design in a single electronic docunent
referred to as the Design Binder (DB). This approach wll
mnimze paper work and facilitate integration of the
program The layout of the Design Binders are as shown
bel ow in Figure 6.

Low Cost Technology Design Binder
I
Fastrac 60K Egnine/ PTA1
Low Cost Boost Volume 1
Book 1 Book 2 Book 3 Book 4
System Integration PTA System Engine System Avionics&
Engine sy Electrical Systems
; jneeri - Systems I ntegrati - Engine Systems
SJSIGT'IA‘S;;?;G:;HSE‘” - S’\Xai '?S?OPUELHI&;H“ - Turbomachinery - Integration
- Configuration Management Plan - Tankage Structure - Thrust Chamber Assembly - Propulsion System Controller
- System Test Plan - Support Structure - Gas Generator - Drive Electronics
- System Requirements VDB -MGSE - Linesand Ducts - Software
- Interfaces - Operations - Valvesand Actuators - Instrumentation
- Instrumentation & - Quality Plan - Quality Plan - PTA1 Cables - Harnesses
Electrical Power - Propulsion Check-Out Computer
- MassPropertiesl - Quality Plan
| paasnayss Hardware sections include:
- Drawing Tree & PartsList Component End Item Specification
- Hazards Analysis Description
- Materid Database Andysis
Verification Plan and Report
Test Plan
Test Data(Datareview Packages)
IRA
Figure 6. Design Binder Contents.
The design binder will be located on an internet web
site. The address is http://138.115.11. 73/ LCT/. Parts of
this web page are password protected. To get the
password, contact the Project Manager.
Al information submtted to the DB nust be approved and
controlled by the appropriate team or board. The
fol |l ow ng IS a | i st of docunent ati on contro
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requi rements.
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Docunment or

Fastrac 60K Project

| nterface Control

Docunent Type

Pl an

Docunent s.

PTAl/ 60K Fastrac Engi ne

Requi rement s/ Verificati on/ Conplianc

e Dat abase
System Test

Configurati on Managenment Pl an

Conponent / Syst em Dr awi ngs

Conmponent / Syst em Speci fi cati ons and

Conpl i ance

Certification Pl ans

Conmponent / Syst em Anal ysi s

Conmponent Test

Conmponent Verification Report

Quality Plans and Inspection

Requi rement s

Mat eri al Dat abase

I ntegrated Ri sk Assessnent

System Loads and Environnents

Docunent

Structural Assessnment

Pl an

Basel i ne
Contr ol

N A

Level V
Boar d

Level V
Boar d

Level V
Boar d

Level V
Boar d

Level V
Boar d

Level V
Boar d

Level V
Boar d

CDT/ PDT Lead
CDT/ PDT Lead
CDT/ PDT Lead

Level V
Boar d
Level V
Boar d
Level V
Boar d
Level 1V
Boar d
Level V
Boar d

Rel ease
Contr ol

STP
Program
Ofice

Level 11
Boar d

Level 11
Boar d

Level 1V
Boar d

Level 1V
Boar d

Level 1V
Boar d

Level 1V
Boar d

Level 11
Boar d

N A
N A
N A
Level IV

Boar d
N A
N A

Level 11
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Docunents requiring only CDT/PDT Lead for control shal
be generated by the PDT or CDT and submtted to the DB by
the team | ead. Only docunents found in the DB are
considered official. The user, via conparison to the DB,
must verify all other copies as current. The team |ead
shall ensure the latest docunent is in the DB. Changes
are controlled by the PDT/CDT |ead through the team
meeti ng process.

Docunments requiring Level V Board or Level 1V Board
contr ol shal | be release and controlled per t he
Fastrac/ PTAL Configuration Managenment Plan. The board
secretary shall submt baseline and rel eased docunents to
the DB as a matter of procedure.

Docunments subject to Level 11 shall be released and
controlled by the STP Configurati on Management Plan, |SO
STP-02. The board secretary shall submt baseline and

rel eased docunents to the DB as a matter of procedure.

Drawi ngs shall be maintained in the AIM system for Level
V control and the MSFC repository for release through
Level [IV.

8.1.3 Design Criteria. In an attenpt to
facilitate rapid devel opnent and testing of experinmenta
hardware, the project has categorized various |evels of
hardware fidelity. The goal here is to tailor the design
and analysis process to match the fidelity of the test
article. For exanple, robust or battleship hardware w ||
not have the sane analytical requirenents as test flight
hardware. Hardware categories are defined as follows:

(1) Special Test Equipnment - Test equipnent needed
to conplete testing but not part of the experinent.
(2) Concept Hardware - Test articles which are

desi gned, fabricated, and tested solely for the
purpose of enabling the design of a conmponent.
Usually battleship test articles used to prove a

concept.

(3) Devel opment Hardware - Devel opnent hardware
i ncl udes the conponents or systens desi gned,
fabri cat ed, and tested as a denonstration of
conceptual design. This hardware is generally close
to flight weight and is made wusing flight Iike
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manuf act uri ng processes i.e. not battl eship

har dwar e. This category hardware is part of the

“Low Cost Experinment” and should be of high enough
fidelity to validate a design concept wusing CarsS,
| ow cost manufacturing techniques, etc.

(4) Test Flight Hardware - Al conponents and
systens designed and fabricated to be certified for
flight tests.

(5) Qualified Flight Har dware - none in this

pr oj ect .
The level of analysis, inspection, and testing required
for the hardware will be different for each category.
Table | below is a listing of the mnimm requirenments
for each category.

Table |I. Design Criteria.

Hardware Category Design and Manufacturing Standards/Process

Strength and Fatigue - MSFC-HDBK-505A Fracture Control -
Five - Qualified Flight Hardware MSFC-HDBK-1453

PDT/CDT specified and project approved - Best commercial

Four - Test Flight Hardware practices. NDE on a case by case basis

PDT/CDT specified and project approved - Best commercial
Three - Development Hardware practices. NDE on a case by case basis
Two - Concept Hardware Designer Specified

CDT specified and Project approved - Best commercial
One - Special Test Equipment practice - GSE per MSFC-STD-126E
Each PDT will document in the Design Binder a test plan
whi ch defines the hardware category of each conponent and
system configuration. Wiile the PDTs/CDTs will determ ne
material selection for their conponent, the material
properties will be documented in Book 1 of the Design
Binder. This wll ensure that the PTAlL hardware is

anal yzed using a consistent set of material properties.
Such aspects of hardware nonitoring as inspections, tests
(proof, hot-fire, etc.), process control, process
moni toring, and COTS hardware quality assurance required
for each hardware category will be defined by the PDT and
documented in the Fastrac Engine Quality Plan. For
Category 4, fracture nmechanics will only be done if a
defect is found during inspection. In addition, a systens
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safety analysis wll be done for the engine wusing
critical itens as identified by the engine CDTs. Based on
the systenms safety analysis, the engine PDT wll

determne the detailed inspections or design iterations
required to reduce the risk of failure. For the first few
units manufactured, it is recommended that the best
avai |l abl e i nspection nethods be used. Based on inspection
results of the first few units, the necessary |evel of
i nspections can be adj usted.

A detailed Structural Assessnent Plan of the Fastrac 60K
Engi ne shall be developed to describe structural
assessnment criteria for all products.

If the conmponent or system configuration is changed to a
hi gher category, the level of analysis and inspections
requi red nust be reassessed by the CDT.

8.1.4 Confi guration Managenent. Configuration
managenent (CM will be controlled by the CE level 5
board for docunentation baseline and the |evel 4 board
for docunmentation release. These boards provide a
di sci plined met hod for est abl i shnent, control,
accounting, and verification of the project baseline.
The CM system helps ensure that technical requirenments
are identified and docunented, accurately translated into
the design, and that the design is translated correctly
into hardware/software. The System Integration Team wil|
develop a detailed Configuration Managenment Plan by per
the follow ng guidelines.

8.1.4.1 Qbj ecti ve. The configuration managenent
approach used by LCT Project is tailored to facilitate
devel opnent and test of experinental test hardware and is
per MM 8040.15. This approach will make use of the PDTs
i npl enented on this project. Each PDT will follow the
pr ocedures shown bel ow to:

| dentify and document the technical requirenents of
all products.

Control changes, deviations, and waivers to these
technical requirenents.

Record and report change processi ng and
i npl enment ati on st at us.

Verify change incorporation.
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Verify perfor mance, desi gn, and configuration

t hrough design reviews and verification.

8.1.4.2 Scope. The configuration managenent
approach listed above applies to a Category 1,3, and 4
hardware in all FEP products (see Section 5). Category 2

hardware will be controlled by the design organization.
To provide configuration control for the X-34 Engine
interfaces, a Level Il board will be established as shown
in section 5.0.

8.1.4.2.1 DRAWNG RELEASE. Figure 7 Drawi ng Rel ease
Approach and Responsibilities, illustrates the flow of

configuration control from the design engineer to the
manuf acturer and inplenmentati on of experinmental hardware.

Design Engineer Coordinates Drawing Development with all PDTS/CDTsdisciplines
«Sketches and preliminary drawings are reviewed by analysis disciplines and manufacturing consultants.

*CDT prepares a drawing packages based on concurrent design and analysis inputs.

«Configuration is agreeded to although analysisis not complete.

*Checkersreview drawings for correctness (Pace and Waite)and producablity (team EH representative or designate).

A \

PDT/CDT Approves Drawing and Recommends Baseline
*Drawings are finalized (interface and requirements are met)

*Designer and CDT Lead signs the drawings

*CDT Lead may require signature of selected team members (disciplines) for concurrence.
«Concurrence Checklist is maintained as a record of concurrence.

Y

— - PDT ApprovesDrawing for LV 5 Baseline
Additional Design *PDT lead signs the drawings ensuring integration with other components of the greater product.
Cycles *PDT Lead may require signature of selected team members (disciplines) for concurrence.

«Configuration is baselined with preliminary analysis complete

|

CDT/PDT Finalizes and Completes Analysis

]

Early Baseli_ne f_or Chief EngineersDirect SIT to Release Drawing LV 4 Release
Manufacturing if «Chief Engineer signs directive ordering release of the drawing by MSFC's Release Desk.
Required *SIT implements release by MSFC' s Release Desk.
Release for Manufacturing MSFC Repository

Figure 7. Rel ease System
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This Baseline/release approach allows for early
manuf acturing of conmponents under the auspices of

the PDT. |If schedule requires early manufacturing
the PDT lead can provide baseline drawings for
manufacturing at risk to the Project. Basel i ne at
the PDT level indicates that the configuration is
under st ood and agreed to. Anal ysis is not conplete
but mature enough to indicate a potentially
accept abl e design. Hardware may be designated as
scrap if significant design changes are required at
a |ater date. The PDT baseline is also encouraged

to reduce confusion in the PDT/CDTs as the design
mat ur es.

Final release occurs at LV4 and is adm nistered by
the CE. Al'l drawi ngs nust eventually be released
t hrough this board. This release indicates conplete
drawi ngs and anal ysi s.

Note: February 18, 1999. Per direction form the
Future X Program Manager an exception to Level 4
rel ease requirenments will be nmade and docunented in
a Discrepancy Acceptance Report. The Fastrac Engine
Project is directed to release Fastrac Engine
drawings prior to conpletion of the engine design
anal ysi s. This deviation is required for the
procurenment of engines needed to support additional
flights of the X-34 vehicle(s). Drawings wll be

updated as necessary after the analysis is conpleted.

Vendor drawings will not be released by the PDTs or
by MSFC s Rel ease Desk. The vendors are responsible
for their configuration control. Vendor draw ngs
will be subject to review at PDR and CDR. Qual ity
control representatives on the PDTs wll provide
oversight as required to ensure the hardware is
correct.

8.1.4.2.2 DRAW NG CHANGES. Engi neering changes w ||
be processed through as shown in Figure 8. The
Engi neeri ng Change Request (ECR) process will be used to
ensure that all changes to the baseline are coordinated,
docunmented and available for future reference. Al |
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changes mnust originate with the designer and proceed
t hrough the CDTs and PDTs.

Design Engineer prepares Engineering Change Request and coordinates with CDT
« ECRs are presented and discussed at team meetings.
*CDT prepares a Final ECR based on all design and analysis inputs.

Y

CDT Approves ECR

*ECRs are finalized (assure change is clearly defined & affected elements identified)
*Designer and CDT Lead signs the ECR

«CDT Lead may require signature of selected team members (disciplines) for concurrence.

Y

PDT Approves ECR

«PDT lead signs the ECR ensuring integration with other components of the greater product.
«PDT Lead may require signature of selected team members (disciplines) for concurrence.

\

Chief Engineers Direct SIT to implement ECR
« Chief Engineer signs directive ordering SIT to implement the ECR

«SIT implements ECR and tracks documentation

Figure 8. Revision Control.

8.1.4.2.3 DeSI GN - Bl NDER  CONTROL. The Design Binder

configuration control will be inplemented by the CDTs and
PDTs through the team neeting process. Exceptions are
made for Level Il docunments and Level 1l and Level 1V
drawi ngs contained in the DB. These docunent wll be
under configuration control through the MSFC release
desk. All changes to other docunments will be coordi nated
t hrough the teans. Changes to baseline docunments in the

must be processed by a ECR

8.2 Project Summary WBS. The Fastrac Project cost

el ement are shown in the work breakdown structure shown
bel ow in Figure 9.
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Fastrac 60 K Engine WBS
Fastrac
Project Manager
—[Samean]
[ 121
Fastrac 60K
Engine
122 123
PTA Avionics
| | | -
| Engine Systems | | Turbomachinery | Combustion Lines ,Vaves
Devices and Actuators
Fastrac Engine PTA Systems Avionics
Engine Systems MPS EGSE
Turbomachinery Feed System MPS and Engine Harness
Combustion Devices Press/VVent System MPS and Engine Sensors
Injector RP-1 Tank Control Electronics
Chamber/Nozzle LOX Tank Engine Computer
Gas Generator Brackets Software
Igniters MGSE
Lines/ValvesActuators Facility and Operations
Thrust Vector Control Support Services
Assembly/Integration
Test Operations
Propellants
Fi gure 9. WBS.
9.0 PROCUREMENT SUMMVARY
Har dware design, analysis, and test support shall be

i n-house activity. Contracted personnel may
be used for design and analysis with the perm ssion of
the Project Manager. Manufacturing will be procured
from outside sources; however, in-house fabrication may
be used when avail able. Chanmber/ nozzles wll be
fabricated using an in-house fabrication contractor in a
facility dedicated to manufacturing research.

primarily an
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Table Il. Anticipated Major Procurement Activities.
El enent Type of | Type of | Sour ce
procur enent contract
1.2.1 Engi ne
Syst ens
Fabri cation or | 8a Set aside Cost + | contract
procur enment of: | ncentive or
t ur bomachi nery
smal | 1ines and
brackets
gas gener at or
ignition system
conpn’'ts
avi oni cs
conponent s
MGSE
Engi ne assenbly
Fabri cation of Exi sti ng N A | n- House
Chamber/ Nozzl es contract add on contract
or
Fabri cation of | Conpetitive - | CPFF contract
| nj ectors BOA or
Facility Exi sting on-site
Mods/ Pr opel | ant Contracts
Val ve Conpetitive - | TBD contract
procurenents M d-range or
1.2.2 PTA
Syst ens
Facility | nt er - agency NA SSC
devel opnent t ransfer
RP Tank Exi sting TBD | n- house
contract add on contract
or
LOX Tank Conpetitive - | CPFF contract
BOA or
Mai n Propul si on | Conpetitive - | TBD contract
System M d-r ange or
1.2.3 Ri sk
M tigation
Addi ti onal 8a Set aside Cost + | contract
Har dwar e | ncentive or
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Addi ti onal | nt er - agency NA SSC
Testi ng t ransfer
1.2.4 Avionics
Conponent s Part of 1.2.1
Smal | Purchases Credit Card NA NA

Al'l hardware procuring activity and technical nonitoring
will be handled by MSFC Test activity and facility
procurenents will be handl ed by SSC.

10.0 SCHEDULES

Detailed Project Schedules w || be devel oped and
controlled by the Project manager and the current version
shal |l be available in the DB.
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Table 111. Mjor MIestones.
1998 1999 2000
E ) E6
Fastrac Major Milestones 1/18/00
E2 E3 E4 E5 | X-34 Major Milestones
10/24/98 12[1/98 4/23/99 1/14/00
L S’ e
v 2/17/00 Engine Installation (Check-out only)
1 HITZZT,‘;;F”Q i FT'_E’_“raUOﬂ Y/ 5/17/00 Static Hot Fire Series
Engine Tests E2 EVE2 Flight Engine (£5) :
ight Engine . .
@ HTF -:__ . J] SientEngine €9 7 6/21/00 1st Flight
- = H2an 3/15/00
DAS Conversion, Eng. RIR, V 2 Use Certification
Integ. HTHPTA Ingll LOX/RP Propellant Cond. A RFa2m00
e Adtivete Cald Bax A . 7 Use Certification -
one 18t PTA Hot Fire ' Completed 2/1/01 with
8/3/99 i Aug ‘00 Activation of E-2
LS RS R ' Facility
E3 E3 .
Engine Tests Engine Tess RO-RIR2|R3 | Raal :gSETq"ilae Rdh
@A - ot At
Ea‘ljd“gwlc;d’\iz POP1 P2 Flight Acceptance Test E5
0la- Facility
Act.
E-2 Complex ROoa Rla RS
Testing at SSC |
1998 1999 2000
Wor k force and f undi ng resour ces required for

i npl ementation of this project

pl an are shown bel ow.
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Tabl e | V.

PTA 1/ Fastrac Cost Summary.

PTA1/Fastrac Cost Summary Aug-98
242-34-ZT & ZR
$/FTE-hr 57.7 58.9 60.1 61.3 61.3
FY96 FY97 FY98 FY99 FY00 Total
Planned In-Kind Labor (hr.)
Fastrac 60K Engine 32004 103564 159804 137131 110736 543239
PTA1 Systems and Test Operations 8877 52396 74462 31378 28941 196054
Avionics 8772 40380 30804 28708 22962 131626
Integration (EL EO) 8508 7090 15598
7958 7958
Planned Civil Service Subtotal 49653 196340 265070 205725 192706 909494
Planned Hours Cumulative 49653 245993 511063 716788 909494
Planned FTE Cost ($) $ 2,865,001 |$ 11,564,426|$ 15,930,707 [$ 12,610,943 | $ 11,812,866 | $ 54,783,942
Planned FTE Cost Cumulative ($) $ 2,865,001 |$ 14,429,427 |$ 30,360,134 |$  42,971,076| $ 54,783,942
Planned FTE 23.9 94.4 127.4 98.9 92.6 437.3
Planned FTE Cumulative 23.9 118.3 245.7 344.6 437.3
Planned Direct Cost
Fastrac 60K Engine $ 4,350,400 [$ 3,045,700 [ $ 6,272,000 | $ 7,818,000 | $ 4,218,000 | $ 25,704,100
PTAL Systems and Test Operations $ - $ 6,860,000 |$ 4,315,000 |$ 4,661,000 | $ 3,583,600 [ $ 19,419,600
Avionics $ 131,500 |8 3,016,500 |$ 461,500 | $ 125,000 | s 240,000 ['s 3,974,500
N R4
System Engineering Support $ $ $ 180,000 |'$ 70,000 | $ 140,000 | $ 390,000
CM and Design Binder (SAIC) $ 36,000 [ '$ 36,000
Total Planned Direct Cost ($) $ 4,481,900 |$ 12,922,200 |$ 11,228,500 % 12,674,000 $ 8,217,600 | $§ 49,524,200
Total Planned Direct Cost Cum ($) $ 4,481,900 |$ 17,404,100 |$ 28,632,600 |$ 41,306,600 $ 49,524,200
Planned Headquarters Tax $ $ $ $
Program Reserves $ $ $ $
Total Planned Full Cost ($) $ 7,346,901 |$ 24,486,626 |$ 27,159,207 | $ 25,284,943 $ 20,030,466 | $ 104,308,142
Total Planned Full Cost Cum ($) $ 7,346,901 |$ 31,833,527 |$ 58,992,734|$ 84,277,676 | $ 104,308,142

Det ai |
Manager .

| ower | evel
Each PDT

budgets are

i s

mai nt ai ned by the Project

product within the budget guidelines.

12.0

12. 1

MANAGEMENT REVI EWS

Program Revi ews.

12. 2

Pr oj ect
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responsi ble for
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The Project
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in order
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Manager

foll ow ng
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configuration

Revi ew (PRR).
wil |
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wi ||
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wi ||

Item Di screpancies
be generated by a review team assigned by the
RI D package

be

as a Quality
five years
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be
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i ncor por at ed. Meeting mnutes and actions wth
closures will be maintained as a quality record by

the Engineering Directorate per WMGl441.1 and held
for a period of five years after the last X-34
powered flight.

Prelim nary Design Review (PDR) wll vyield the
Design Requirenments Baseline - This baseline 1is
established after conpletion of the PDR and consi st
of the system requirenents (shown in Book 1 of the

DB for PTAl). PDR will consist of review of all
applicable sections of the Design Binder at the 50%
conplete level and all drawings conplete to 30%
Meeting mnutes and actions with closures wll be

mai ntained as a quality record by the Engineering
Directorate per wGl441.1 and held for a period of
five years after the |ast X-34 powered flight.

Critical Design Review (CDR) wll vyield the
drawing baseline - This baseline 1is established
after satisfactory conpletion of the CDR. CDR wi | |
consist of review of all applicable sections of the
Design Binder at the 100% conplete level and all
drawi ngs 90% conpl et e. The Product Baseline occurs
after satisfactory conpletion of the manufacturing
of the product and satisfactory docunentation of the
as built configuration. Meeting m nutes and actions
with closures will be maintained as a quality record
by the Engineering Directorate per MGl441.1 and held
for a period of five years after the X-34 powered
flight.

System Level Test Readiness Review (TRR) wll
confirm the configuration of the test hardware and
test facility, goals and procedure of the test, and

concurrence of all involved parties. This is to be
a level 2 review and mnutes and actions wth
closures will be maintained as a quality record by

the Engineering Directorate per MGl441.1 and held
for a period of five years after the last X-34
powered flight.

Design Certification Review (DCR) wll confirm
that all requirements of the Certification Plan have
been met. All DCR open issues nust be closed prior

to the Flight Readi ness Review. Records required by
the Certification Plan, nmeeting mnutes and actions
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resulting from the DCR shall be maintained as a

quality record by the Engineering Directorate per
MPG1441.1 and held for a period of five years after
the X-34 powered flight.

Fl ight Readiness Review (FRR) wll verify the
system elenents constructed for use, and the
exi sting support elenents are ready for test flight.
This is a vehicle level review in which the Fastrac
Engine will partici pate. This review shall be
schedul ed and conducted by the X-34 Project. The
engi ne section of this review shall be a Level 11
revi ew. Meeting mnutes and actions with closures
will be mintained as a quality record by the
Engi neering Directorate per wmGl441.1 and held for a
period of five years after the X-34 powered flight.

A Design Review Plan will be prepared by the SIT for each
review consistent with MPG 8060. 1. The reviews wll
include the follow ng: (1) ki ck- of f meeting, (2)
docunment ati on/drawi ng review, (3) Preboard, and (4)

Board. The kick-off and docunentation review will consi st
of team nmenbers, |eads, and |ine organi zation as defined
in each group (total approximately 75 reviewers). The
Preboard wll —consist of technical supervisory-Ievel
personnel and wll be chaired by the Chief Engineer.
The Board will be nade of the next higher |evel of
managenent and will be chaired by the Project manager
(total approximately 10). The Board will neet only if

there are unresolved i ssues fromthe Preboard.
13.0 CONTROLS

Not Applicabl e

14.0 PERFORMANCE ASSURANCE

14. 1 Gener al .

14.1.1 Verification. System | evel verification
requi rements shall be docunented in the PTAl/60K Fastrac
Engi ne Requi rement s/ Verification/ Conpliance Dat abase.
Conpliance data will be formatted and supplied to the SIT
by the PDT/CDTs via verification reports required for

CHECK THE MASTER LI ST-VERI FY THAT THI S I S THE CORRECT VERSI ON BEFORE USE




Mar shal | Space Flight Center Organizational Wrk Instruction

RAO1
Title: MBFC- PLAN- 2999 Revi si on: Basel i ne
Fastrac Engi ne Project Plan Dat e: Decenber 13, 1999 Page 51 of 55

their products. Conpliance data pertaining to this
docunment shall be maintained by the t he Engi neering

Directorate as a quality record per MPGL441.1 and held
for a period of five years after the last X-34 powered
flight. Engine specification verification requirenents
shal | be docunent ed in the Fastrac 60K  Engi ne
Speci fication. Conpliance data shall be formatted by the
Engine PDT and included in the verification section of
the Fastrac 60K Engine Specification. Conpl i ance data
pertaining to this document shall be naintained by the
Engi neering Directorate as a quality record per MPGl441.1
and held for a period of five years after the last X-34
powered flight.

Component specification verification requirenments shall
be docunented in the conponent specifications. Conpliance
data shall be formatted by the CDTs and included in the
verification section of the conponent specification.
Conpliance data pertaining to this docunment shall be
mai nt ai ned by PDT/ CDT | ead.

14. 2 Reliability. This project does not
i nclude enough hardware or tests to provide denonstrated
reliability with significant confidence. There is no
reliability requirement inmposed on the experinmental
har dwar e.

14. 3 Project Quality Policy. The Fastrac 60K

Engine quality managenment system is the MSFC Quality
Managenment System (QMS) described in MSFC Quality Manual,
MSFC- MM and subsequent publicati ons. This docunent
applies to all onsite process and operations for
procurenent, design, developnent, production, testing,
and servicing of flight hardware, flight software,
production wunits, qualification wunits, and associated
f1ight support equi pnment , for whi ch MSFC has
responsibility.

The Fastrac 60K Engine is a flight system scheduled to
fly on the X-34 vehicle per Meno of Agreenent 8/ 22/ 96.
Thi s engi ne devel opnent project will conply with MSFC- MQM
or subsequent presiding docunentation except where pre-
exi sting agreenments and activities preclude conpliance,
such as requirenents for contract review, purchasing, and
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contr ol of the custonmer supplied product. Subsequent
devel opnent activities wll be subject to MSFC-MM
regul ati ons. Har dware devel oped under pre-existing
arrangenments can be wused for verification of fully
conpl i ant hardwar e. The Fastrac 60K Certification Plan
shal | specify these exceptions from the MSFC-MM
regul ations. Wth these constraints engines 1-4 will be
purchased under pre-existing procurenent arrangenents.
Engines 5-6 will be purchased using procedures consi stent

with MSFC-MQM and the Fastrac 60K Engine Quality Plan.
Exception to this nmay be negotiated on a case by case
basis where long |lead item procured and fabricated in the
devel opnent program nust be used to support X-34 Program
schedul es. The engine used to support the X-34 flight
must conme fromthe second |ot, engines 5 through 6.

Al PTAl1, GSE, and avionics will be considered in scope
because of the relationship to the flight X-34 Fastrac
Engine and will conply with MSFC-MQM except where pre-
exi sting agreenents preclude. Each PDT is responsible
for the devel opment and inplenmentation of inputs to the
Fastrac Quality Plan. This plan must be conpliant with
MSFC- MM and nust be approved by the Project Manager.

14. 4 Parts. Per Project Quality Plan.

14.5 Materials and Process Control. Per
Project Quality Plan. Statistical mnmethods wll be
specified by performng organizations and wll be

consistent with MSFC-MQM i f appli cabl e.

14. 6 Performance Verification. Per f or mance
requirenments shall be docunented by the SIT in the
PTA1l/ 60K Fastrac Engi ne Requi renent s/ Veri fication/
/ Conmpl i ance Database. Records of verification wll be
mai nt ai ned by the SIT.

14. 7 Cont am nati on All owance and Control . Per
Project Quality Pl an.

14.8 Sof t war e Assur ance. Per Project Quality
Pl an.
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14.9 Mai nt ai nability TBD

15.0 Rl SK ASSESSMENT

Risk mtigation funding has been secured for this

proj ect. Figure 10 below illustrates the types of
threats mtigated by additional analysis and test
activity as the threats were identified in the

devel opnent process. A separate engine test facility is
added to mnim ze schedule inpacts resulting from a | oss
of PTAl. This facility will also include sinulation of
the X-34 flight application and thus mtigate risks
associated conditioning and starting the Fastrac 60K

Engine at altitude. The facility will also integrate
ot her elenents of the X-34 propul sion system for system
| evel tests. In sone cases such as loss of hardware,
addi ti onal conponents based on less risky design

approaches are added to mnimze the risk associated with
| ow- cost experinments.

Risk Issuesvs. Time

ATP PDR CDR
A 4 A 4 A 4

7)) T | Altitude Operations Altitude Operations
Horizontal Ops Horizontal Ops
-g MPS | ntegration Error MPS Integration Error
= T | POGO Loads POGO L oads
- Lossof Hardware Lossof Hardware
l_ - | Loss of Facility Loss of Facility
Analysis Error Analysis Error
Low Performance Low Performance Altitude Operations
T | Configuration Error Configuration Error Integration Error
Schedule Schedule Avionics
4 | Altitude Start Altitude Start POGO Loads
Schedule Schedule
. Altitude Start Altitude Start
T
Technology X-34 Risk Risk
Demonstrator MOA Mitigation Mitigation + Options
March 1996 Aug 1996 Jan 1997 July 1997

Figure 10. Ri sk Reduction.

Technical risks identified have been characterized as
shown in Figure 11 below. This rational is used to
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prioritize risk mtigation funding. Table V list details
of each risk considered.

Technical Risks

Poor Turbopump Sand

i N Casting Properties
Moderate Risk High Risk / (Alternate Castings)

| _—* Operating Environement

/ Altutude Conditioning

Altutude Run
POGO
(Altitude Simulation)

| Poor Chamber/Nozzle
Properties
(Early Mat'|s Testing)

e PTA1Auvailability
(2nd Engine Test Position)

\ Integration Error
| | \‘ Structural Modeling Error
Low Moderate Severe ) )
Configuration Error

Consequences

High

Probability

/

LOW Low Risk

Figure 11. Technical Risk Priority
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Tabl e V. Techni cal Risks
Techni cal Item | ssue Mtigation
Ri sks
Physi cal Configuration Informal Configuration Provi de additional CM work
Properties Managenent Managenent baselined - risk |force
schedul e for corrective
actions
Mat eri al Tur bopunp Casti ngs Sand Cast housing baselined (Parallel devel opnent of
Properties Properties as a | owcost experinent - i nvest nent castings - process
may not produce part with wi th known properties
requi red properties
Chanber/ Nozzl e Material |Silica phenolic properties Material Testing to provide
Properties not known at el evated tenps |typical properties of the
- Conbi nation of Si Ph and materi al s over a range of
G aphite overwap not known |[tenperatures
Radi ati on None I dentified
Prop'ts

Test i ng/ Model
ing

PTAL Availability

Loss of PTAL due to
experinent failure

Paral | el devel opnent of
separate engi ne test stand

Structural Modeling

Limted flight type analysis

Add detail finite el enent
nodel i ng where appropriate

I ntegration/

MPS/ Engi ne I ntegration

Condi tioni ng and operation

Add early integrated ground

Interface of propul si on system not tests
denmonstrated on ground until
late in program
Avi oni cs/ Engi ne Fl i ght Avionics
I ntegration
X-34/Vehicle | CD Definition of interfaces Add integration team
i ncorrect
Sof t war e No Speci al Risks
Desi gn/ Identified
Errors
Reliability |No Special Risks
Identified
Saf ety No Speci al R sks
Identified
Requi r enent No Speci al Risks
Changes Identified
Faul t No Special R sks
Det ecti on/ Identified
Tol er ance
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Operating Engi ne condi tioning Engi ne conpartnent at 38, 000 |Provi de sinulation of pre-
Envi r onnent during L1011 Flight to |ft for 2.5 hours prior to start conditioning - thernal
drop poi nt start. Horizontal and hori zont al
orientation and thernal
i ssues drive design
Altitude Start Engi ne nust ignite during None
free-fall fromL1011 at
38,000 ft.
Altitude Run 30: 1 Nozzl e Expansi on Provi de sinul ation of
basel i ne but not ground al titude run
test ed
POGO Loads Engi ne gains are unknown - Provide test data to
cannot predi ct POGO characterize gains
susceptibility
Proven/ Unprov|Loss of PTAL PTAL is an flexible Provi de separated engi ne test
ed Technol ogy experinental test article st and
i ncl udi ng tanks, feed
system & avionics - these
coul d fail
System No Special R sks
Conpl exi ty Identified
Uni que/ Speci a|No Speci al Ri sks
| Resources |[ldentified
Har dwar e No Speci al Risks
Agi ng Identified
Manuf act uri ng|No Speci al Ri sks
Processes Identified
Quality No Speci al Risks
Identified
16.0 ENVI RONMENTAL | MPACT
Covered by existing Environnental | npact St at ement
secured by MSFC and SSC.
17.0 SAFETY
17.1 | ndustrial Safety. Assi gned Safety and
Quality (S&WVA) personnel will assist in preparation of a
Saf ety Checklist and provide verification of conpliance
at the TRR S&MVA personnel will assist in all reviews
and provide review and approve function to all draw ng
rel eases and changes as nmenbers of the CDT and/or PDT.
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S&VA personnel will assist in development of handling
requirenents needed in the logistic plan in the Design
Bi nders. S&VA personnel will also provide surveillance,

m shap investigation, training and certification and
safety instruction as required during the design and test
pr ogr ans.

17.2 Range Safety. Range safety for the X-34
test flights will be provided by the X-34 Project.

17.3 System Safety. For category 1, 2, and 3
hardware a Safety Checklist for Tooling, Facility, and
Equi pnent Desi gn hazards anal ysis supplied by MSFC s S&VA
organi zation will be filled out by the PDT/CDTs with the

assi stance of S&MA representatives. The check list will
be nmade avail able electronically and will be kept as part
of the Design Binder. A checklist will be conpleted for
each individual test article prior to TRR Thi s

checklist is in support of the Integrated Ri sk Assessnent
(IRA) Analysis (single point failure) being done for PTAL
by the S&VA office and the PDTs. The I RA analysis wll
assure conpliance with the mninmum safety requirenents in
Table 1. Category 4 hardware, test flight hardware, will
receive an IRA for single point failures and associ ated
hazards anal ysis. All items wll be assessed, but
menbers of the CDITs and PDTs wll identify the nost
critical items in their product design and assist S&VA to
determne failures and causes of failures for each

selected item The product of the IRA analysis wll be
recommended controls to mtigate the identified risks.
These controls will be docunmented in a |RA supplied by
t he S&VA Organi zation. Disposition of recommendations for
the IRA analysis will depend on cost/risks assessnent
made by the LCT Project if cost or schedule is inpacted.
Ot herwi se the teans will determine the risk control. The

IRA is also the basis for inspection criteria to be
docunented on the conponent draw ngs, analysis criteria
required for drawing rel ease, and for test requirenents.

18.0 SECURI TY
Covered by existing organi zati ons at MSFC and SSC.
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